With the continued shrinking of the system-in-package, there is increasing pressure to use double-sided flip-chip assembly to reduce the size of systems. The same thermal treatment used to assemble the flip-chip on one side is also done on the other side of the substrate. A concern is the low wettability of the solder when assembling the second flip-chip.
Introduction
Double-sided flip-chip assembly can reduce the area of a system-in-package. [1] However, double-sided flip-chip assembly is different from single-sided flip-chip assembly in two aspects. First, the thermal treatment to assemble the first side is also done on the other side. Therefore, the first thermal treatment tends to decrease the wettability of the solder for the second heating because of temperatureinduced oxidation of the pads. [2] Second, the thermal cycle reliability of the double-sided package tends to be worse than the single-sided package due to the differences in the strain of the solder joints.
For fine-pitch flip-chip interconnections, IBM developed Chip Connection (C2) technology in which dies with Cu posts and Sn-Ag solder bumps are connected on an organic substrate with a reflow process using no-clean flux. [3] The no-clean flux is used because flux cleaning is difficult for fine-pitch interconnections due to the narrow gap between the chip and the substrate. A high activity flux which requires cleaning after reflow can be used for double-sided surface mount technology (SMT). However, the high activity flux cannot be used for fine-pitch interconnections. Therefore, double-sided flip-chip assembly is more difficult than double-sided SMT.
In this paper, the wettability and reliability during doublesided flip-chip assembly are evaluated with various surface treatments on the copper pads of the substrate.
Experiments

Process flow
C2 technology was used for the double-sided assembly.
The process flow for the double-sided flip-chip package is shown in Fig. 1(a) . First, the flip-chip joint and the underfill are done on one side (the first side). Then, the flip chip joint and the underfill are done on the other side (the second side).
The purpose of our evaluation was to check the wettability. Therefore, for simplicity, the same thermal history as the first side assembly was used instead of the chip assembly. Then the chip was assembled on the second side. The processing flow for the wettability test is shown in Fig. 1(b) .
Two conditions were used to check the margin of the wettability.
(1) The standard thermal history (Nominal thermal history).
(2) An excessive thermal history for margin evaluation (Excessive thermal history).
The differences between the nominal and excessive thermal histories are shown in Table 1 . The process with the highest temperature is reflow and the second hottest is for curing the underfill. For the excessive thermal history, reflow was done twice before assembling the second side and the time for curing the underfill was twice as long as the standard condition. Prebaking is a process to remove moisture from the organic substrate to prevent blisters during reflow. For the excessive thermal history, the prebaking time was six times as long as in the standard condition as though the substrate was baked several times.
Wettability tests
Wettability was examined using three tests:
(1) Electrical connection The test chips were peeled off of the substrate to check the wettability based on the modes of fracture. If separation between the solder bumps and the copper pads was found in the peeling test, the wettability of the solder onto the copper pads of the substrate was regarded as poor. 
Surface treatments
The evaluated surface treatments used for the evaluations are shown in Table 2 . Organic Solderability Preservative (OSP), [2] Electroless Sn plating,(E-less Sn) [2] and Direct Immersion Gold (DIG) [4] were evaluated.
OSP is a process to prevent oxidation on the copper pads, and is used in C2 technology. When poor wettability was found in the experiments, E-less Sn and DIG were also tested.
Even though oxidation is a concern for Sn because the ionization tendency of Sn is higher than that of Cu, good wettability due to the melting of Sn during reflow is expected. Sn whiskers [5] are another concern for Sn plating. The Sn plated pads on the substrate were examined before assembly and no whiskers were found with a 40x microscope.
DIG is a process to prevent oxidation by coating the copper pads with Au, whose ionization tendency is much lower than Cu. Electroless Ni/Au plating [6] is not suitable for fine pitch pads because the Ni layer has a thickness of around 3 μm. DIG can be used with fine pitch pads because the Ni layer can be eliminated. 
Test element group (TEG)
Fig
Results and Discussion
The results of the evaluation are summarized in Table 3 .
Good results were obtained with OSP-A and OSP-B.
(
1) Electrical connection
An electrical open (NG) was found only in DIG with t0.03 μm. Good electrical connections were confirmed in all of the other conditions.
(2) Peeling test Poor wettability in the peeling test was found only in DIG with t0.03 μm, as shown in Fig. 3(b) . Adequate wettability was found in all of the other conditions. The modes of fracture were in the substrate or in the solder joints, as shown in Figs. 3(a) and (c).
(3) Cross-sectional observations 
Reliability Tests
The reliability tests were performed on OSP-A and OSP-B. The reliability test conditions are shown in Table 4 and the results are shown in Table 5 . Both OSP-A and OSP-B show good reliability in the Temperature Cycling Test (TC) and Temperature Humidity Bias Life Test (THB).
Summary
The double-sided flip-chip assemblies were evaluated with various surface treatments on the copper pads of the substrate to check the wettability. Not only the heat resistance but also the solubility into flux is important for OSP.
In E-less Sn plating, the surface oxidation and IMC growth must be assessed. Using DIG, the surface oxidation of the Cu due to the Au diffusion into the Cu must be assessed.
Reliability tests were performed on the OSPs which showed good wettability. This good reliability was confirmed for the double-sided flip-chip packages with the TC and THB. 
